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monitoring may De needed, ror rour species of wading bird (Snowy Egret, Glossy Ibis, 
Little Blue Heron, and Wood Stork) trends in numbers of nesting attempts observed 
during the study may warrant more intensive monitoring. 



Figure 1. Impoundments on the Kennedy Space Center / Merritt 
Island National Wildlife Refuge. 
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KSC/MINWR contains ca. 70 shallow impoundments in former salt marsh habitat. 
Human impacts on saline and brackish marshes of Merritt Island began as early as 1926 
when ditches were dug to drain marsh surfaces to reduce oviposition by Aedes 
mosquitoes. Following World War Two, mosquito control efforts turned to intensive 
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Figure 1. Impoundments on the Kennedy Space Center/Merritt Island National Wildlife Refuge. Study 
impoundments are labeled in red. Study shoreline sections are labeled in green. 



surveyed for a total area of approximately 2160 ha. Data collected for each individual or 
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Small colonies were counted from the air during that survey and also during the foraging 
surveys; the highest count was used for that year’s nesting total. Only birds associated 
with a nest were counted. Colonies that were too large to be counted from the air were 
visited once during April/May by boat. The boat traveled slowly around the island at a 
distance of approximately 100 m, while two or three observers counted nests using 


Habitat Selection Analysis 

We determined the composition of habitats within each study impoundment based 



re rormed by combining several of the land cover types 
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m correlation analysis. Each functional group was used as a dependent variable in a 



oetween tne second and third previous month’s mean depth. LONGLAG was the sum of 
the depth change over the previous three months (LAG + LAG2X). No data 
transformations were used with the water depth variables because these variables 
appeared to be distributed normally. 


Results and Discussion 

Survey Effort 

A total of 96 surveys were flown between April 1987 and September 1997. The 
coverage of surveys between seasons was fairly even (mean number surveys per month 



Wading bird use varied greatly between impoundments (Figure 2); this pattern i 



350 



AaAjns / jaqiunu ueaiu 
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Figure 2. Above, average number of individuals per survey for all species of wading birds combined 
for seventeen study impoundments at MINWR observed during foraging surveys from April 1987 
through September 1997. Below, average density of individuals per survey for all species of wading 
birds combined for seventeen study impoundments impoundments at MINWR observed during 
foraging surveys from April 1987 through September 1997. 




probably one of the most significant features of the distribution of wading birds on 
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differential use of impoundments by wading birds. All of the top-ranked impoundments 
for wading bird use (T38, T27B, T27D, T10L, T33A, Shiloh 3, and Shiloh 5) have 
relatively smaller marsh to open water ratios than do the less used impoundments (Figure 
3). The pattern of habitat use by wading bird functional groups was well correlated with 
the ratio of marsh to open water habitat within the impoundments (Table 1); for all 


groups the density decreased as the ratio increased. This pattern was not due to the 
absolute amount of either habitat type within the impoundment. The ratio of marsh to 
open water is a measure of the interspersion of habitat types, which may be an index of 
prey production or availability within the impoundment. 

The mean density of foraging wading birds observed in the thirteen focal 



within most impoundments. Assuming a survey area of approximately 1260 ha (72 km 
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Table 1 . Results of Spearman Rank Correlation analysis between bird use and habitat characteristics 



Roseate Correlation Coefficien 0.03 0.41 -0.46 -0.09 

Spoonbill Sig. (1 -tailed) 0.45 0.05 0.03 0.36 


Wood Stork Correlation Coefficien -0.23 0.25 -0.40 -0.32 

Sig. (1 -tailed) 0.19 0.16 0.06 0.10 




surveyed x 300 m transect width), the mean density of wading birds observed along the 
IRL shoreline was 0.045 individuals/ha. This is comparable to the density in most of the 
impoundments, but much lower than that in the impoundments with the highest wading 
bird use (e.g. T38, T33A, T27B, T27D, Shiloh-3). 
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Table 2. Results of correlation analysis between mean number individuals / survey and rainfall for wading bird 
foraging surveys in 13 focal impoundments at MINWR. (correlations in bold are significant at a = 0.01). 
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Table 3. Results of correlation analysis between mean number individuals / survey and water levels for 
wading bird foraging surveys in 13 focal impoundments at MINWR. (correlations in bold are sienificar 
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Figure 5. Top, mean number of wading birds / survey observed in 13 focal impoundments by 
season from April 1987 through September 1998 (error bar gives one standard deviation). Bottom, 
mean number of wading birds / survey observed along IRL shoreline by season from April 1987 
through September 1998 (error bar gives one standard deviation). 
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Figure 6. Top, mean number of wading birds / survey observed 13 focal impoundments by year 
from April 1987 through September 1998 (error bar gives one standard deviation). Bottom, meai 
number of wading birds / survey observed along IRL shoreline by year from April 1987 through 
September 1998 (error bar gives one standard deviation). 
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Table 4. Summary of wading bird colony size on KSC/MINWR between 1987 and 1998. 
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3) Develop opportunities to generate new types of information on wading bird habitat us< 
and demography, such as habitat selection, location of prey, individual movement 
patterns, and detailed demographic data. Some potential sources of such information 
include use of radio telemetry or tagging, monitoring of nesting colonies, and detailed 
foraging studies. 


4) Encourage studies that investigate the mechanisms responsible for patterns in wading 
bird use of foraging and nesting habitat on KSC/MINWR. 
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APPENDIX A. Wading Bird Foraging Surveys Results by Species. 
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water habitat during this period. 
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variety of habitat types available throughout the year. 
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Trends in numbers of White Ibis observed during wading bird foraging surveys in thirteen 
impoundments at MINWR from April 1987 through September 1997. Above, cumulative 
average density per survey. Middle, pattern of habitat use. Below monthly proportional 
habitat use. 
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lvionmiy ana Yearly trends m average number of White Ibis observed during foraging surveys at 
Merritt Island National Wildlife Refuge between April 1987 and September 1997. Points mark 
mean number per survey and bars give one standard deviation around mean. 
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foraging habitat. Management strategies that make a variety of habitat types available 
throughout the year may be beneficial to this species. 
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Trends in numbers of Snowy Egret observed during wading bird foraging surveys in thirteen 
impoundments at MINWR from April 1987 through September 1997. Above, cumulative 
average density per survey. Middle, pattern of habitat use. Below monthly proportional 
habitat use. 
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Figure 22. Monthly and Yearly trends in average number of Snowy Egret observed during 
foraging surveys at Merritt Island National Wildlife Refuge between April 1987 and September 
1997. Points mark mean number per survey and bars give one standard deviation around mean. 




Great Egret - Great Egret were the third most abundant species observed nesting and 
ing foraging surveys. Great Egret accounted for around 11% of all nests counted, and 



wider range of water depths and habitat types when foraging. 

Great Egret preferred Open Water habitat during most of the year, but preference 
shifted towards use of Distichlis during Fall. This shift coincided with a slight decrease 
in numbers of great Egret observed during foraging surveys. Great Egret use of foraging 
habitat might not be expected to be as influenced by changes in water level as are the 


shorter legged species. Thus the shift in habitat use by this species may indicate a shift to 
a more favorable foraging habitat rather than a forced use of habitat due to water depth. 


VO 



C15D C2136 C21B T10D T10K T10L T17 T24C T27B T27D T33A T38 




3 Z ^ Z 
C/D CL < DC 
Q_ — Q_ LJJ 

O Q- lu z: 
5 < Z O 
3 Z O 
0 DC CO CO 
LJJ 2 DU DC 
Q — CO h 



o o o o o 

h- CD LO Tj- CO 


o 

CM 


O 


©sn jo juoojod 


o 

CD 






.c 

c 


CO 


pasfl JU80J9d 


r- 


habitat use. 






Ae/uns / jequinu ubqlu 


250 



CM 


As/uns / jequinu ubquj 


+-* 00 /rj 

W) -rt 

sti 

« < a 


H W) w 

§ £ £ 
<D <D Ctf 
bfl q 2 X> 

& ___i 

V-l <D ^ 


Glossy Ibis - Glossy Ibis were the fourth most abundant species observed during 
foraging surveys, and were about as abundant as Great Egret. Although there was no 
significant trend in the number of Glossy Ibis over the 1 1 years of foraging surveys, a 
drastic decline in numbers between 1993 and 1994 was evident. Based on the maximum 
counts of Glossy Ibis per season, numbers may have begun to recover since then, but this 
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Trends in numbers of Glossy Ibis observed during wading bird foraging surveys in thirteen 

impoundments at MINWR from April 1987 through September 1997. Above cumulative 

average density per survey. Middle, pattern of habitat use. Below monthly proportional 
habitat use. j r v 
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Tricolored Heron - Tricolored Heron 
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thirteen impoundments at MINWR from April 1987 through September 1997 Above 

cumulative average density per survey. Middle, pattern of habitat use. Below monthly 
proportional habitat use. ^ 
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surveys at Merritt Island National Wildlife Refuge between April 1987 and September 1997. 
Points mark mean number per survey and bars give one standard deviation around mean. 





Roseate Spoonbill - Roseate Spoonbill was the sixth most abundant species observed 
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abundances of Tricolored Heron were T38, T33A, T10L, T27B, and T27D. These same 
impoundments were also observed to have high abundances of several other species of 
wading birds. Roseate Spoonbills were observed primarily foraging in Open habitat 
within impoundments, with little evidence for extensive use of any of the other habitat 
types found there. 
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Trends in numbers of Roseate Spoonbill observed during wading bird foraging surveys i 
thirteen impoundments at MUSTWR from April 1987 through September 1997. Above, 
cumulative average density per survey. Middle, pattern of habitat use. Below monthly 
proportional habitat use. 
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Great Blue Heron - Although still common. Great Blue Heron was less abundant than 



impoundments by Great Blue Herons, since other impoundments with similar relative 
amounts of open water habitat were more heavily used by them (e.g. C21B and T24C). 

Great Blue Heron were observed foraging primarily in Open habitat within 
impoundments. During Spring, Great Blue Heron increased their use of other habitats 
slightly. Great Blue Heron was a common nesting species on KSC/MINWR, with fairly 


steady numbers of nests over the 1 1 years of data. 
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1987 1988 1989 1990 1991 



surveys at Merritt Island National Wildlife Refuge between April 1987 and September 1997. 

number per survey and bars give one srandard devatron around mean. 
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Trends in numbers of Great Blue Heron obs, =rveu - ^ ^ 

thirteen impoundments at MINWR rom P" pattern of habitat use. Below monthly 
cumulative average density per survey. Middle, pattern 

proportional habitat use. 
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thirteen impoundments at MINWR from April 1987 through September 1997. Above, 
cumulative average density per survey. Middle, pattern of habitat use. Below monthly 
proportional habitat use. 
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Wood Stork - Wood Stork had low abundance during foraging surveys. Their 


o 



fresh water habitats the methods used in this study may not have adequately represented 
habitat use of Wood Stork at KSC/M3NWR. Due to the decline in numbers of Wood 
Stork during recent decades this species should be closely monitored on KSC/MINWR. 
Other methods of investigation that focus more specifically on Wood Storks should be 
considered. 
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Trends in numbers of Wood Stork observed during wading bird foraging surveys in thirteen 
impoundments at MINWR from April 1987 through September 1997. Above, cumulative 
average density per survey. Middle, pattern of habitat use. Below monthly proportional 
habitat use. 
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Yearly and monthly trends in average number of Wood Stork observed during foraging surveys 
at Merritt Island National Wildlife Refuge between April 1987 and September 1997. Points 
mark mean number per survey and bars give one standard deviation around mean. 




Reddish Egret — Reddish Egret was the least abundant species of wading bird 



i z tu). in the other impoundments numbers remained low throughout the eleven years. 

Reddish Egret preferred Open habitat for foraging in impounded wetlands on 
KSC/MINWR. The apparent shift in habitat use that occurred in winter coincided with i 
reduction in numbers of Reddish Egret in this season; during this time Reddish Egret 
made relatively greater use of Mangrove and Distichlis habitat. 
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Trends in numbers of Reddish Egret observed during wading bird foraging surveys in thirteen 
impoundments at MBSTWR from April 1987 through September 1997. Above, cumulative 
average density per survey. Middle, pattern of habitat use. Below monthly proportional 
habitat use. 
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Monthly and Yearly trends in average number of Reddish Egret observed during foraging 
surveys at Merritt Island National Wildlife Refuge between April 1987 and September 1997. 
Points mark mean number per survey and bars give one standard deviation around mean. 






wading birds, aerial survey, impounded wetlands 


This report ^summarizes results' of the first eleven years of monthly aerial surveys of wading bird use of 
foraging habitats within impoundments on the Kennedy Space Center/Merritt Island National Wildlife 
Refuge. Some impoundments were used much more heavily by wading birds than were others. Analysis 
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